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ABSTRACT

This investigation was designed to throw light on the contamination rate of meat and meat
products with mould and aflatoxins. The prevalence and population density of the mycobiota of
350 beef meat and meat product samples (frozen meat, minced meat, liver, kidney, luncheon,
sausage, hawawchi), 50 of each, collected from different abattoirs, markets and shopkeepers in
Egypt were studied.. The highest total mould count/g was obtained from the sausage samples (4.20
+1.25 X 10%), whereas the frozen meat samples yielded the lowest mould count (2.00 + 1.2 X 107).
The most frequently encountered mould genera from the examined samples were Aspergillus and
penicillium. Aspergillus species were isolated at percent of 100%, 80%, 80%, 78%, 74%, 70% and
50% from minced meat, hawawchi, susage, luncheon, liver, frozen meat and kidney samples
respectively. Aspergillus flavus was the most predominant isolated species. All A. parasiticus and
77.96% of A. flavus isolates were positive for aflatoxin production on coconut agar medium
(CAM), thin layer chromatography (TLC) and fluorometric immune affinity method. Detection of
aflatoxin residues in meat and meat products samples revealed that the highest mean values of
aflatoxin residues (ug/kg) By, By, G; and G, were detected in the kidney samiples (12.36 + 1.89,
9.84 + 1.63, 5.38 + 1.36 and 6.84 *+ 1.39, respectively)followed by the liver (13.81 + 1.96, 3.26 +
0.92, 2.51 *+ 0.63 and 1.36 * 0.38), luncheon (3.71 * 1.35, 3.59+ 1.12, 5.24 *+ 1.12 and 6.77
+1.49), hawawchi (11.03 * 2.43, 2.25+ 0.52, 2.54 + 0.99 and 2.56 + 0.27), minced meat (3.62 *
0.88, 3.40 + 0.82, 4.24 + 0.85, 2.83 + 0.60) and frozen meat samples which had the lowest level
of AFs (4.80 + 0.89, 5.3 2.1, 1.71 * 0.60 and 0.0) respectively. The detected levels of aflatoxin
residues in the present samples were compared with the international permissible limits of WHO,
FAO and FDA. Most of detected aflatoxins levels in meat and meat product samples were more
than the permissible_limits thus would be unfit for human consumption. The present study attracts
the attention to potential risk for aflatoxin producing moulds and aflatoxins contamination and
strongly recommends reduction in various causes of contamination as lack of hygienic measures
during slaughtering, handling, transportation, storage or processing to meat and its products and
also avoiding contaminated spices used in meat processing.

Key words: Aflatoxin producing moulds, aflatoxins, thin layer chromatography, fluorometric
immune affinity method.

INTRODUCTION properties referred to as mycotoxins. Several
' mycotoxins reported to date are cosmopolitan
in distribution and incur severe health-

recurring problem worldwide. The major factor assoc.‘,llate.d al ICIISkS g (mChIldtK% ; CaTeeL at?ld
contributing to contamination are neurological disorders) (1).Aflatoxins are the

. 2 : : . . t important mycotoxins, produced by
microorganisms, especially fungi, which 1OSt 1mp ; .
produce low-rnoleculgr -weight s n‘?; ounds as Aspergillus flavus and Aspergillus parasiticus

secondary metabolites, with confirmed toxic SUalS and pose a quadruple threat to both

Disease outbreaks due to the consumption
of contaminated food and feedstuff are a
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human and animals as they produce four
distinct effects: acute liver damage, liver
cirrhosis, induction of tumors and teratogenic
effects (2, 3). Residues of these toxins in animal
tissues and their products are a public health
concern. There are a number of moulds that
have been described as pathogens. These are
particularly found in meat products that have
ripened for a long time, such as sausages and
hams. Penicillium species, Aspergillus species,
and Cladosporium species have been identified
in such products (4).

The conditions of the environment in the
manufacturing rooms, stores, refrigerators and
shops are very suitable for the development of
moulds inside the products, but more frequently
on the surface of various sorts of meat and meat
products (5). When the temperature and relative
humidity = are  optimal  after = mould
contamination, there is also a risk of mycotoxin
production (6). Relatively low water activity
(aw< 0.9) and low pH-values (pH < 6.0) are
particularly favorable for mould development
(7). However, the environmental conditions for
mycotoxin production are generally more
restricted than those for mould growth (8). In
addition, the toxigenic potential of moulds is
directly dependent on the substrate on which
they are grown, and mycotoxin synthesis is
lower in meat substrates than in media with a
higher amount of carbohydrates (9-11). This
highlights that the growth of the toxigenic
moulds on the surface of hams does not always
indicate the presence of corresponding
mycotoxin (12). However, AFB1, B2 and G1
have been reported in fresh and processed meat
products in Egypt as a consequence of the
growth of A. flavus and A. parasiticus strains
(13).1t is worth to mention that heat treatment
as cooking and roasting aflatoxins in food
unable to destroy (I4).Hence, creating
awareness among consumers, as well as
developing new methods for mycotoxin
detection and inactivation is of great
importance for food safety (). In this study, the
focus is on the occurrence of various types of
moulds with special reference to aflatoxigenic
species, their screening for aflatoxin producing
ability and aflatoxin residues in meat and meat
products associated with risks to humans.
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MATERIAL AND METHODS
Samples

Three hundred and fifty samples (350)
belonging to 6 kinds of beef meat and meat
products (frozen meat, minced meat, liver,
kidney, luncheon, sausage, hawawchi), 50 of
each, were collected from different abattoirs,
markets and shopkeepers in Egypt. Samples
were aseptically transferred into sterile
polyethylene bags undue delay and transported
to the laboratory for mycological examination
and aflatoxins detection.

Mycological analysis
Enumeration of total mould count
Preparation of samples

Ten grams of each sample were transferred
aseptically into sterile blender jar, to which 90
ml of 1% peptone water were added and
homogenized in a sterile warring blender for 2
minutes, and ten fold serial dilutions of the
homogenate were prepared (15). One
millimeter quantities of the previously prepared
serial dilutions were inoculated separately into
Petri dish plates and mixed with Saboraud
dextrose agar medium. The plated were the left
to solidify after mixing, and incubated at 25°C
for 3-5 days. The counts of mould colonies
were recorded. Individual suspected colonies
were  selected depending upon  their
morphological characters. Stock culture were
made from each isolate and monitored on
Czapeks Dox, malt extract and potato dextrose
(PDA) agar slopes for further identification.

Identification of isolates

The identification of mould species were
carried out by observation of macroscopic and

microscopic characteristics of the mould
colonies according to (I6) for genus
Aspergillus and and other genera were

identified according to (17).
Aflatoxin analysis

Fluorescence screening on coconut agar media
(CAM)

A. flavusand A. pam&in'cus strains were
cultured on CAM at 25°C for 7 days in the
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dark. Cultures were observed under long-wave
UV light (365 nm) after 3, 5 and 7 days and the
presence or absence of fluorescence on the
reverse side of the colonies was recordedas
reported (18).

Extraction of aflatoxin

Extraction of aflatoxin from A. flavus and A.
parasiticus isolates according to (19, 20).

A. flavusand A. parasiticus strains were
subcultured on PDA slants for approximately 7
days at (25°C) until well sporulated. Spores
were harvested by adding 5 ml sterile, double
distilled water and dislodging the spores
aseptically with a sterile inoculating loop. The
final spore concentration was adjusted to be
approximately 1.5 x 10° spore/ml. Spore
suspension (500ul) was inoculated into each
flask having 25 ml of sterile yeast extract-
sucrose (2% yeast extract, 15% sucrose) and
supplemented with 0.019 % P. cresol.
Inoculated flasks were incubated at 25°C in the
dark for 20 days. Mycelia were overlaid with
25 ml chloroform and kept 24 hours in dark.
Then 25 ml chloroform was added again and
cultures were shaken for % an hour.
Chloroform layers were filtered into 500 ml
round bottom flasks and cultures were extracted
once more with 50 ml chloroform. Chloroform
layers were combined and concentrated in a
rotatory flash evaporator.

Extraction of aflatoxins from meat and its
products samples (21).

Each sample was finally ground in an
electric mill to pass sieve No. 10.

Twenty five grams of the ground sample
were transferred into a 500 ml Erlenmeyer
flask, then covered with a thin layer of solid 6
mm diameter glass beads and extracted with a
solution composed of 90 ml acetonitrile and 10
ml of 4% potassium chloride solution. The
mixture was shaken vigorously for 30 minutes
and filtered through 9 cm Whatman No. 41
which allows rapid filtration with minimum
solvent evaporation. 50 ml of filtrate was
defattened by shaking with an equal volume of
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iso-octane (2, 2, 4-trimethyl pentone) in 250 ml
separating funnel. When the two layers were
clearly separated, the upper layer was discarded
and the lower layer re-extracted with another 50
ml iso-octane followed by discarding the lipid
extract. Distilled water (12.5 ml) was added to
the acetonitrile layer and aflatoxin Bl was
extracted with 25 ml chloroform. The lower
acetonitrile-chloroform layer was drained
through a bed of anhydrous sodium sulphate
contained in funnel lined with Whatman No. 41
paper. Extraction of aqueous layer was repeated
3 more times using 10 ml portions of
chloroform. Filtrates were combined and
evaporated to dryness in a rotatory evaporator.

Qualitative estimation of aflatoxins by
thin layer chromatography (T.L.C.) according
to (22) and inspected under U.V. light (256 nm
and 365 nm) and the outline of each
fluorescence spot was marked by a sharp pin.
The Rf values, colours and intensities of the
unknown spots were compared with those of
standard spot.

Quantitative estimation of aflatoxins by a
fluorometeric immunoaffinity method (22).

Statistical analysis

Data obtained were analyzed statistically
for descriptive statistics (mean, maximum,
minimum and standard error) using SPSS 14
(23).

RESULTS
Total mould count/g of the examined samples

As revealed in Table (1) it was noticed
that the highest total mould count/g was
obtained from the sausage samples, followed by
hawawchi samples, luncheon and minced meat;
whereas the frozen meat samples yiclded the
lowest count of mould.
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Table 1.Total mould count in meat and meat product samples
Type of examined Total moulds count (TMC)
sample Min Max Mean + SE
Frozen meat 1X 10 2.60 X 10° 2 X 107 1.20 X 10°
Minced meat 1X 10% 1.50 X 10* 1.60 X 10° 6.00X 107
Liver 2X 10? 4.60 X 10° 45 X 10° 9.50 X 10°
Kidney 1.20 X 10 3.00 X 10° 2.20 X 10° 2.97 X 10°
Luncheon X0 4.50 X 10* 3.50 X 10° 330X 10°
Sausage 2X 10 540X 10° 4.20 X 10* 1.25 X 10*
Hawawchi 3.50 X 10° 3.60 X 10° 520x10* 4.21x 10*
Min = minimum.  Max = maximum. SE = standard error
Brevalsnce of moﬁl ds i daeat and meal examined samples were Aspergillus and

product samples.

From Table (2) and Fig (1), it is evident
that nine genera were isolated and the most
frequently encountered mould genera from the

penicillium, while Alternaria, Cladosporium,
Fusarium, Mucor, Rhizopus, Scopulariopsis
and Curvularia species were recovered at low
percentages.

Table 2. Prevalence of moulds in meat and meat product samples

Type of sample  Frozen Mitrced Liver Kidney Luncheon Hawawchi Sausage
meat meat
Identified mould No. % No. % No. % No. % No. % No. % No. %
Spp. P
50 50 50 50 50 50 50
Aspergillus spp. 35/50 70 50/50 100 37/50 74 25 50 39 78 40 80 40 80
Penicilliumspp. 25 50 10 20 8 16 20 40 19 38 17 34 25 50
Alternaria spp. 2 4 1 2 0 0 4 2 4 8 2 4 15 30
Cl“d‘;;go”'”m 1 2 3 6 4 8 6 7 14 0 0 10 20
Curvularia spp. 1 2 1 2 6 0 0 0 1 2 0 2 4
Fusarium spp. 0 0 2 + 1 2 1 2 2 4 2 3
Mucor spp. 1 2 2 4 2 4 5 10 3 6 6 12 5 10
Rhizopus spp. 1 2 2 4 1 2 3 6 4 8 2 4 2 6
Scopulariopsis 1 > 1 5 1 2 2 4 0 0 0 0 6 12

Spp.
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Fig. 1. Prevalence of mould in meat and meat product samples

Frequency of identified Aspergillus species

isolated from examined meat and meat
products

Aspergillus  species  were  further
identified. The most prevalent identified

species were A. flavus, A. niger and A.
candidus  followed by A. versicolor, A.
Jumigatus . A. ochraceus . A. parasiticus and
A. terreus as shown in table (3) and Fig.(2).

Screening of aflatoxin production on coconut
agar medium:

For determination of aflatoxin
production based on presence or absence of
fluorescence on the reverse side of the
colonies was determined by exposing the petri
dishes to U.V. (365 nm) and expressed as
positive (blue fluorescence) or negative as
revealed in Fig. (3 & 4).

Table 3. Frequency of identified Aspergillus spp. isolated from the examined meat and meat

products
1ypeiol HEozen  Dismeed Liver  Kidney Luncheon Hawawchi Sausage
sample meat meat
Aspergillus  No. % No. % No. % No. % No. % No. % No. %
spp-
50 50 50 50 50 50 50
A. candidus
12 24 10 20 11 22 9 18 7 14 3 6 13 26
A. flavus 15 30 17 34 16 32 11 22 15 30 12 24 17 34
A. parasiticus 1 2 2 4 3 6 5 10 1 2 1 2 1 2
A. fumigatus 2 4 1 2 4 8 1 2 1 2 3 6 36
A. niger 12 24 15 30 15 30 13 26 12 24 14 28 5 10
4. ochraceus ] 2 10 20 6 12 8 16 4 8 3 6 3 6
A. terreus 0 0 1 2 ] 2 0 0 1 2 1 2 1 2
A. versicolor 4 8 0 0 0 0 1 2 0 0 3 6 0 0
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Fig. 2. Frequency of identified Aspergillus spp. isolated from the examined meat and meat
products

Fig.3. Aflatoxin producing A. flavus on
CAM showing blue fluorescence on
reverse side of the plate after
exposure to u.v. rays

Fig.4. Negative control CAM plate
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Aflatoxins detection from A. flavus and A.

parasiticus strains (ug/ 1000 ml) (ppb)

Data presented in table (4) and Fig. (5)
illustrate type (B;, Bz, Gy and G,) and level of
aflatoxins produced by A. flavus and A.

parasiticus strains (ug/ 1000 ml )(ppb).
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Aflatoxin residues (ppb) detected in examined
meat and meat product samples

As demonstrated in table (5) and fig (6),

the highest mean values of aflatoxin residues
(ng/kg), B1, B2, G1 and G2 were detected in
the kidney samples (12.36 + 1.89, 9.84 + 1.63,
5.38 *+ 1.36 and 6.84 * 1.39, respectively) and
the lowest level was detected in frozen meat
samples (4.80 + 0.89, 5.3 + 2.1, 1.71 + 0.60
and 0.0) respectively.

Table 4. Aflatoxins detection from strains of A. flavus and A. parasiticus isolated
from meat and meat product samples (ug/ 1000 ml) (ppb)

Aflatoxin +ve

Quantitative detection of

Si:(:;;t:ozf Strains ('};‘c’itsillig; isolates aflatoxins (ug/1000 ml) (ppm)
No % B1 Bz G1 G2
Frozen meat A. flavus 8 7 87.5% 3.5-66.0 10.5-37 0 0
A. parasiticus 1 1 100% 43.0 32 0-43 0-26
Total 9 8 88.8
Minced meat A. flavus 10 8 80% 0-31 022 0 0
A. parasiticus 0 0 0 0 0 0-33 0-16
Total 10 8 80%
Liver A. flavus 9 7 77.7% 037 036_. 0 0
A. parasiticus 1 1 100.0% 55 22 0-77 0-35
Total 10 8 80%
Kidney A. flavus 6 5 83.3% 0-15  0-20 0 0
A. parasiticus 1 1 100.00% 12 0 18 16
Total 7 6 85.7%
Luncheon A. flavus 8 5 62.5% 12-24  0-20 0 0
A. parasiticus 0 0 0 0 0 0-27  0-27
Total 8 5 62.5%
Sausage A. flavus 11 9 81.8%  9.5-25 0-23 0 0
A. parasiticus 0 0 0 0 0 0 0-9
Total | 9 81.8%
Hawawchi A. flavus 7 5 71.4% 0-41  0-26 0 0
A. parasiticus 0 0 0 0 0 0 0
Total 7 5 71.4%
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Fig. 5. Prevalence and levels of aflatoxins produced by A. flavus and A. parasiticus that
isolated from examined meat and meat product samples (ppm).

Comparison between the total aflatoxins with the international permissible limits of
residues detected in examined samples of meat  WHO (1975), FAO (1995) and FDA (1999).
and meat products and the permissible limits Most of detected aflatoxins levels in meat and
of WHO (15 ppb) and FAO & FDA (20 ppb). meat product samples were more than the
permissible limits thus would be unfit for

The detected levels of aflatoxin : :
human consumption as revealed in table (6).

residues in the present samples were compared

Table 5. Statistical analysis of aflatoxin residues (ppb) detected in examined meat and meat
product samples (n=20)
Types of
aflatoxins B B G G:
Type of
examined Min Max Mean +SE Min Max Mean +#SE Min Max Mean +SE Min Max Mean +SE
sample

Frozen 12 93 48 09 0 22 53 21 0 6 .71 06 0 0 0 0
meat

Minced
meat

75 362 09 0 77 34 08 0 81 424 09 0 55 283 06
Liver 0 20 138 2 0 63 326 06 0 7 251 06 0 35 136 04

Kidney 38 24 124 19 38 18 984 16 15 18 538 14 15 16 684 14

Luncheon 0 11 371 14 0 Il 359 1.1 0 11 524 1.1 0 15 - 6,77 - 15
Sausage 0 19 6.05 2.1 0 8522 080 5. =534 1550 6.8 236 0.7
Hawawchi 0 21 11 24 0 5 225050 11 2.54 ] 0 85 256 0.8
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Fig. 6. Statistical analytical results of various aflatoxin residues (ppb) detected examined
meat and meat product samples (n=15)

Table 6. Comparison between the total aflatoxin residues detected in meat and meat
products and recommended permissible limits of WHO (39), FAO (40) and FDA

(41).
bpeor Mool Noor Sl oniinel Sampies oo
examined sample éamples ;)amples (WHO) >20 ppb (FAO) & FDA
No. %o No. %o
Frozen meat 20 11 5 25 7, 10
Minced meat 20 15 7 35 = 20
Liver 20 11 8 40 5 50
Kidney 20 13 9 45 7 35
Luncheon 20 15 13 65 8 40
Sausage 20 17 15 75 6 30
Hawawchi 20 14 7 35 6 30
DISCUSSION

The consumption of food contaminated
with moulds and their toxic metabolites results
in  the development of  food-borne
mycotoxicosis  (4). Advanced countries
considered the mould counts as a standard test
for hygienic condition due its economic and
public health effects (24).

In the present study. the highest total
mould count/g was obtained from the sausage
samples (ranged from 2 X 10 to 5.40 X 10’
with a mean count 0f4.20 X 10* + 1.25 X 10",
followed by hawawchi, luncheon and minced
meat samples; whereas the frozen meat
samples yielded the lowest mould count
ranged from 1 X 10 to 2.60 X 10° with a mean
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count of 2.0 X 10? + 1.2 X 10°. These results
come in accordance with those reported by
(25-28). The high incidence of moulds in
sausage and other meat products may be due to
the frequent unhygienic handling and
processing of meat especially when additives
of low quality as flavorings, especially, spices
were used (4,29).

The most common species were
Aspergillus which isolated from hawachi and
sausage samples at percent of 80%, followed
by liver (74%), frozen meat (70%) and kidney
samples (50%).Among Aspergillus species, A.
flavus was the most predominant in minced
meat and sausage samples (34% of each),
liver, (32%), frozen meat and luncheon
samples (30% of each ), in hawawchi samples
it was (24%), and recovered from kidney
samples at the rate of (22%).

It is interested to denote that A.
parasiticus was isolated in low incidence in
comparison with that of A. flavus. Where, its
incidence rate in kidney was (10%), in liver
was (6%) and in minced meat samples was
(4%). While in luncheon, frozen meat,
hawawchi and the = sausage the rates of
isolation were (2% for each). Under the same
conditions, other members of Aspergillus were
recovered in variable frequencies. Nearly
similar results were obtained by (4, 13,28,30,
31;.32).

Aspergillus was known to common
contaminants of human foods and animal feeds
(33). The presence of Aspergillus is not only
of economic important but also represents a
real health hazard. They can be of allergic,
toxigenic and pathogenic effect through the
production of mycotoxins (34).

Aflatoxin production was screened on
coconut agar medium (CAM) on the basis of
the presence of aflatoxin in blue-fluorescing
agar plates and its absence in non-fluorescing
one as confirmed by TLC and fluoroumetric
analysis. This result is in consistent with those
obtained by (35, 36).

The TLC and fluoroumetric detection of
aflatoxins (Bl, B2, Gl and G2 (ppb)produced
by A. flavus and A. parasiticus isolates and

2

aflatoxin residues (ug/kg) in meat and meat
product samples as shown in table (4&S5)
revealed that A. flavus (87.5%) and A.
parasiticus (100%) that recovered from frozen
meat produced significant levels of aflatoxins
ranged from (3.5 -66.0 ppb) for AFBI1, and
(10.5-37.0 ppb) for AFB2 by A. flavus, while
AFs by A. parasiticus ranged from (43.0 ppb)
for AFB1,(32.0 ppb) for AFB2 , (0 - 43.0
ppb)for AFG1 and (0 - 26.0 ppb) for AFG2.
These results were similar to those reported by
(32) who isolated aflatoxigenic Aspergillus
species from imported frozen meat while
(3D)found the highest average quantity of
aflatoxins was in sausage and beef burgers
samples.

The highest mean values of aflatoxin
residues (ug/kg) By, Bz, Gy and Gy were
detected in the kidney samples (12.36 *+ 1.89,
9.84 + 1.63, 538 *+ 1.36.and 6.84 * 1.39)
respectively and frozen meat samples had the
lowest level of aflatoxin (4.80 * 0.89, 5.3 %
2.1, 1.71 + 0.60 and 0.0) respectively. These
fmdmgs agreed with hat recorded by (13);
while (26) recorded extreme. higher incidence
attained to 100%, and: (37) recorded a
relatively higher incidence, but lower than
obtained by (38,26).

Food and Drug Administration (FDA)
established regulatory working guidelines on
the acceptable levels of aflatoxins in human
foods set at 20 ppb for total aflatoxins, with
the exception of milk which has an action level
of 0.5 ppb of aflatoxins (33). The detected
levels of aflatoxin residues in the present
samples were compared with the international
permissible limits of WHO:(39), FAO (40) and
FDA (41). In sausage - samples showed
residues of aflatoxins in 75% of samples more
than the permissible limits of 15 ppb (WHO)
and 30% of samples contained aflatoxins more
than the permissible limits of 20 ppb (FAO).In
luncheon samples, aflatoxins residues were in
65% of samples more than the permissible
limits of 15 ppb (WHO) and 40% of samples
contained aflatoxins more than the permissible
limits of 20 ppb (FAO) thus would be unfit for
human consumption.
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Conclusion

The most effective mean to prevent
aflatoxigenic mould contamination of meat
products is through application of strict
hygienic measures during the processing of
meat products and using a good quality
flavoring agents as spices.
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